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Abstract
A novel image processing technique based on convolution is developed for an-
alyzing the etch-pit images in Nuclear Track Detectors (NTDs). Promising
results have been obtained for both identifying and counting the etch-pits in
the NTDs. Such method establishes itself to be the first of its kind to have been
applied successfully to NTDs.
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1. Introduction
Nuclear Track Detectors (NTDs) have been used in charged particle detec-
tion for many decades in fields ranging from physics to geology [1, 2]. NTDs are
dielectric solids (e.g., polymer films of thickness ∼ 100 µm). A charged particle
while passing through the NTD material, loses energy by ionizing the medium.
If the energy loss is above a certain threshold, then the particle leaves behind a
permanent damage trail, essentially broken polymer chains in case of plastics,
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called a “latent track”. Obviously, this threshold will be different for different
NTD materials. Such damaged regions become chemically more reactive com-
pared to the undamaged bulk material. When such an NTD containing any
latent track is treated with a suitable chemical reagent, called etchant, mate-
rials along the damage trail is etched out at a much faster rate compared to
the surrounding bulk material, resulting in etch pits large enough (of the order
of micron) to be observed under optical microscopes. The geometry of such
etch-pits can reveal crucial information on the identity of the particles forming
such tracks. Because of their low cost, ease of handling and existence of natural
thresholds of registration (which helps in reducing the background), NTDs are
often the detectors of choice in the search for rare heavily ionizing hypothe-
sized particles (e.g., magnetic monopoles, strangelets) in cosmic rays as well as
particle accelerators [3, 4]. It may be mentioned here we are aiming to use a
low cost, commercially available polymer, identified as Polyethylene Terephtha-
late (PET), as NTD in the search for strangelets through the deployment of
large-area arrays at mountain altitudes [5].
In such searches employing NTDs, the task of scanning of etched NTDs to
locate the etch-pit openings on their surface is extremely labour intensive as the
researchers are required to scan large areas of NTDs under high magnification.
The difficulty of finding a track due to any rare event is compounded by the
presence of background which can come from other ionizing radiations and also
from structural defects in the plastic which creeps in during the polymerization
process. Therefore, challenges of rare event search with NTDs are primarily
technological as the conventional image analysis software coming up short in
the task of track identification.
In this paper, we are proposing a novel approach for etch-pit image identi-
fication and counting in NTDs, which shows much-improved performance com-
pared to more “classical” (employing cuts based on just grey level, size, etc.)
approaches to image analysis.
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2. Experimental technique
This section describes the image analysis techniques that are applied to the
unprocessed surface images of exposed and etched NTDs, captured by QWin
software using a Leica DM4000B optical microscope. The etch-pits appear dark
as compared to the background of NTD surface; however, the challenge is to
separately recognize them from the other artifacts generated during chemical
etching and scratches and defects, which also appear dark, as shown in Fig 1.
For this study, we have used the etch-pit images from Columbia Resin #39
(CR-39) and Polyethylene terephthalate (PET) NTDs exposed to cosmic rays
at high mountain altitudes [5] and heavy ions from accelerators [6].
The image analysis technique that we have applied here is based on sequen-
tial application of blind deconvolution and convolution with a suitable mask size
obtained from the analysis of the area occupied by the opening of an etch-pit.
Before going to the application of the technique, few considerations regarding
image quality and acquisition are described below:
Typical size of etch-pit openings are roughly ∼ µm. As mentioned earlier,
there are similar types of artifacts of the similar area which may be wrongly
counted. Convolutions with the original size of the etch-pits, therefore, need to
be augmented with the shape of the pit-openings. It is known that the typical
shape of the opening of the etch-pits will be elliptical, and in special cases
circular (for normal incidence of the incoming ion), as shown in Fig.5 and Fig.4
respectively.
First of all, among all the present etch-pits, the biggest one in shape and
size is ascertained, and a similar convolution circular mask is formed which
is convolved with the entire etch-pit image. As discussed, it provides a huge
advantage since the convolution peak, generated at the centre of the pit, helps
to determine the position of a track. If any of the etch-pit openings within the
captured image can be expressed as N(x, y), considering its 2D form and the
circular mask, mentioned above is expressed as M(x, y), then their convolution
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can be written as
fc(x, y) =
+∞¨
−∞
N(x− x0, y − y0)M(x0, y0)dx0dy0 (1)
The above expression is commonly written as fc(x, y) = N(x, y)×M(x, y) and
is routinely used in different domains of optics and signal processing [7]. The
advantage of using convolution is that in case of circular mask convolving with
circular or elliptical opening of etch-pits, the peak values are produced at the
centre provided that the shapes and sizes are nearly equal. This is true for NTDs
since the average diameter of the tracks for the cases shown here correspond to
nearly 120 pixels (∼ 12 µm). This is illustrated in a simulation shown in Fig.2
where a one-dimensional representation of convolution is shown between a pit
and a mask of the same size. In 1D representation, the functions are represented
with a single variable provided in terms of pixels with an analogy to the images.
Therefore, when N(x) (Fig.2(a)), essentially a one-dimensional projection of
etch-pit profile, gets convolved with the mask M(x) (Fig.2(b)). The result is a
well-known triangular function as shown in Fig.2(d) with a dotted line.
For actual cases in NTDs however, the other artifacts or the scratches are of
different shapes and sizes, will result in similar convolution peaks. Therefore,
for enhancing the peak values near the centres of etch-pits, a deconvolution
process with a Gaussian mask as shown in Fig.2(c) of similar shape (half-width
∼ 120 pixels) is introduced [8]. This provides higher peaks compared to simple
convolution for definitive shapes of NTDs as shown in Fig.2(d). Theoretically,
this can be represented considering a Fourier domain explanation where G(x)
(Fig.2(c)) is a 1D representative Gaussian function centred at origin given by
G(x) = exp(−ax2) (2)
The Fourier transform of the above Gaussian function, also a Gaussian function
is written in terms of spatial frequency along X-direction kx, can be written as
F (G(x)) = Gˆ(kx) =
√
pi
a
exp(
−pi2k2x
a
) (3)
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Therefore, deconvolution in Fourier domain can be expressed as
fˆd(kx) =
Nˆ(kx)
Gˆ(kx)
(4)
where fˆd(kx) and Nˆ(kx) represent the Fourier transforms of the respective func-
tions introduced already. As described in Ref. [8], the technique of applying
Gaussian in deconvolution reduces a lot of problems since the characters of the
functions in both domains are well-known [8]. Next, inverse Fourier transform
is applied to Eq. (4) and can be expressed as in terms of convolution
fd(x) =
N(x)
G(x)
(5)
After obtaining this, another convolution operation with the standard circular
mask described previously (in its 1D representation) is performed to enhance
the peak at the centre of the etch-pit as shown in Fig.2(d). This is expressed in
terms of convolution operator as
fdc(x) = fd(x)×M(x) (6)
A comparison is shown in Fig.3(d) clearly shows that fdc(x), function due
to Gaussian deconvolution followed by convolution (Eq. (6)) with mask pro-
duces higher peaks compared to simple convolution operation represented by
fc(x). Without any loss of generality, the two-dimensional simulation results
corresponding to the above operations are presented in Fig.3, where the effects
of shape variations of etch-pit openings are also considered.
In the case of actual microscopic NTD surface images, the background being
whitish, the dark etch-pits have a significantly higher signal to noise ratio where
this operation produces a better result. Another advantage is that in cases of
noise removal of corresponding frequency domain processing can be done since
the convolution process lends itself easily to convolution and deconvolution.
3. Image analysis and results
The novel image analysis technique employed here is tested with multiple
microscopic images of NTDs using the copyrighted software Cell Counter [9].
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Images of Manual Automated Percentage
etch-pits from count count error
Accelerator exposure 301 302 0.33%
Open-air exposure 152 147 3.3%
Table 1: Results of the manual and automatic counts of etch-pits on 58 and 53 images of
accelerator exposed PET and open-air exposed CR-39 films respectively.
As described before, images of etch-pits due to accelerator exposed NTDs (Fig.4
and Fig.5) are often used as reliable guidance. Fig.4(a) shows an image frame,
with a normal incidence of ions from accelerator; the image has multiple defects
and scratches, even of sizes similar to that of the actual etch-pits. Clearly, the
etch-pits has been separated from the rest and counted (as well as marked)
correctly as shown in Fig.4(b).
Fig.5(a) shows the images of etch-pits for accelerator exposed NTDs (angle
of incidence of the beam is 30◦) with elliptical openings. The figure is, as
usual, riddled with different types of defects. The same algorithm is used here
as before, which yields surprisingly good results even in the overlapped region
near the bottom of the Fig.4(b).
Finally, in Fig.6(a), NTD surface image from open-air exposure at Darjeeling
is presented. It can be seen, the background defects in this case are more
prominent compared to those found in Fig.4 and Fig.5. The roughening of the
NTD surface is expected as the films were given open-air exposure. In this case
too, most of the tracks are rightly recognized but the one at the bottom left side
as shown in Fig.6(b). This is a track generated by a cosmic ray with a very high
angle of incidence. We have examined hundreds of similar samples and in most
cases, almost all the etch-pits are identified making error percentage extremely
small as given in Table 1.
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4. Comparison with other methods
Any shape detection algorithm such as Hough transform or shape fitting etc.
works for a definite shape. Even if there are slight deviations from the actual
shape, most of these algorithms fail to detect the shape. In the present case,
etch-pits can be both circular and elliptical but with wide variations. Our at-
tempts with conventional image analysis methods didn’t yield any good result.
These techniques can’t be easily used for counting without morphological tech-
niques as well. Contrary to conventional methods, using the proposed convolu-
tion method, the detection of a peak at the location of the etch-pits is much bet-
ter and simultaneously provides its coordinates. The proposed method is simpler
yet more robust than some well-known shape detecting algorithms like Hough
Transform, morphological operations, watershed segmentation [10, 11, 12] etc.
A few other advantages are listed below:
• No simultaneous frequency domain processing is required for this tech-
nique.
• Even at the overlapping regions of two or more etch-pits, which are dif-
ficult to handle with other image analysis methods, tracks can be easily
recognized and counted by this technique.
5. Conclusion
A novel image analysis technique based on convolution is shown to generate
much better results compared to many other techniques for etch-pit detection in
NTDs. It promises to substantially speed up the task of track identification and
analysis, which is the chief technical challenge for any experiments employing
large area NTD arrays.
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Figure 1: Microscopic surface images of (a) CR-39 (NTD) exposed to open-air at Darjeeling,
India and (b) PET (NTD) exposed to 32S ions from accelerator. Typical scratches and/or
other defects are shown inside red circle. It may be noted here that the surface quality of the
NTDs which get open-air exposure are worsened due to harsh environmental conditions.
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Figure 2: One dimensional representation of only convolution and then deconvolution followed
by convolution process. (a) 1D representation of etch-pit profile N(x) (width ∼ 120 pixel);
(b) The circular mask M(x) (width ∼ 120 pixels); (c) The Gaussian mask used in deconvolu-
tion G(x) (half-width ∼ 120 pixels); (d) Comparison of convolution fc(x) and deconvolution
followed by convolution fdc(x).
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Figure 3: Two dimensional representation of only convolution and then deconvolution fol-
lowed by convolution process. (a) Etch-pits of both circular and elliptical shape (diameter
∼ 120 pixel); (b) The circular mask(diameter ∼ 120 pixels); (c) The Gaussian mask used in
deconvolution (half-width ∼ 120 pixels); (d) Deconvolution followed by convolution fdc(x).
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Figure 4: (a) Etch-pits due to normally incident ions. This image also shows scratches (dark
as compared to the whitish background); (b) Judicially counting of etch-pits among multiple
types of defects. The etch-pits are correctly identified from the background.
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Figure 5: (a) Etch-pits due to the ions striking at 30◦ angle of incidence, showing darker
etch-pits and defects or scratches; (b) Counting of etch-pits separately from multiple types of
defects.
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Figure 6: (a) Etch-pits due to charged particles with different angle of incidences on CR-39
(NTD) exposed to open-air at Darjeeling, India.; (b) Counting of etch-pits separately from
multiple-type of defects while missing one with very high incident angle.
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